A survey of approximately 100 000 entries in recent releases of the Cambridge Structural Database (CSD) has uncovered 156 crystal structures that were apparently described in inappropriate space groups. We have revised these space groups and prepared CIFs containing the new coordinates and brief comments describing the revisions.
Introduction
It is the purpose of this paper to report on the reliability of small-molecule crystal-structure results in recent years, when computers have essentially replaced human beings in the entire process of determining a structure. A rough estimate of the incidence of inappropriate assignments to space group P1 (the most common miscreant) suggests that they now occur slightly less than 2% of the time -far less than the 10% frequency that one of us observed in a 2005 survey (Marsh, 2005) . This is indeed good news.
Experimental
The survey was carried out by personal scrutiny of the several releases of the Cambridge Structural Database (CSD; Allen, 2002) from May 2010 to February 2013. Initially, the reported space group and unit-cell dimensions for each entry were quickly examined; when suspicions arose, the atomic coordinates were retrieved from the CSD and studied carefully. If a more satisfactory description of the structure was apparent, revised coordinates and, if necessary, revised unit-cell dimensions were calculated using various FORTRAN programs. The original CIFs were also obtained and details of the original structure determinations were examined (including the displacement coefficients U; however, no attempt was made to derive revised U values). CIFs describing the revised structures have been submitted with this paper; each includes brief comments concerning the revision (see Supporting information).
Comments
The total number of space-group revisions was 156 -about 0.15% of the structures surveyed. As usual, the largest number of changes involved replacing P1 with P1 (39 entries); replacing P1 with P2 1 /c (or equivalent settings) occurred 23 times, and Cc with C2/c 17 times.
In about 40% of the cases, the change in space group involved a change in the unit-cell symmetry. Usually such a structure had been described as anorthic, since one or more unit-cell angles differed from 90 by a small but statistically significant amount, perhaps 0.05 or so in the face of an error estimate as small as 0.001
. It is well known that such error estimates are, almost always, unreliable, being measurements of precision rather than accuracy. In other instances, angles were reported as exactly 90 , yet the structure was reported (incorrectly) in an oblique cell. It is quite possible that an attempt at a solution in the correct, orthogonal cell had been undertaken but had failed (which is not uncommon), but that a satisfactory structure was found in an anorthic space group (usually P1); no attempt was made to redetermine the unit-cell angles.
A surprising entry is DEDVEO, which was described as monoclinic, space group Pa, with the unit-cell angle equal to 90.649 (4) ; however, the atoms can be paired according to the orthorhombic space group Pca2 1 within a coordinate mismatch of less than 0.005 Å . (The U ij values also match very well.) We are puzzled as to the discrepancy in .
Another interesting structure is that of AZAFAJ. It was described as triclinic, space group P1, with two molecules in the asymmetric unit. The unit-cell lengths were reported as 5.0491 (5), 13.5803 (15), and 13.5803 (15) Å , and the angles as 89.866 (2), 88.8630 (10), and 88.8630 (10) . Without any change of crystal axes, the atom coordinates of the two molecules can be paired, within 0.005 Å , in the monoclinic space group P2 1 /n, with remaining at 88.863 À a far cry from 90 . What is going on?
We note that the triclinic unit-cell dimensions are those of the reduced cell of a C-centered monoclinic lattice with and exactly 90 (and = 88.863 ). It is our thought that, perhaps, this C-centered lattice was found during the original determination of the unit cell but a satisfactory structure did not appear; the reduced triclinic cell -with its unusual dimensions -was then used without altering the unit-cell dimensions. Hence, the correct primitive monoclinic cell was overlooked. Since we do not know the dimensions of this unit cell, we have not included AZAFAJ in our table of revisions.
In another case, UHANUN, the change in space group was from triclinic all the way to rhombohedral. In the original P1 description, the three unit-cell edges were equal within 0.001 Å and the three angles within 0.01
. Perhaps computer programs could be revised to notice such situations.
In nine cases, the reported (primitive) lattice was too large: there were additional identical molecules at one or more sets of cell-centering positions. Particularly inflated is FAMYUP, where the reported triclinic cell is four times as large as necessary. For every atom at (x,y,z) there are identical atoms . Thus, all reflections except those with h + k even and l = 4n or with h + k odd and l = 4n + 2 should have been systematically absent. The entire data set was very weak: out of 13 000 measured reflections, only 1781 were observed. Because of the incorrect choice of lattice, it is not surprising that three-quarters of these 13 000 reflections were absent.
GUFPUT is an especially noteworthy entry. It is described in the space group C2, with two molecules in the asymmetric unit. However, the atom coordinates of these two molecules can be matched, in pairs, across a c-glide plane so as to create the centrosymmetric space group C2/c. The coordinate shifts necessary to satisfy this added center averaged about 0.02 Å , a small and, normally, insignificant amount in view of the nearsingularities to be expected in the least-squares refinement of a nearly-centrosymmetric model. However, the authors were aware of the possibility of higher symmetry and surveyed their measured intensities for the reflections h0l with l odd. A large percentage were observed well above their experimental uncertainties, leaving no doubt that the true space group is indeed C2. The authors were kind enough to send us the original data frames. We have examined the situation further and noted that, while the two molecules in the asymmetric unit of C2 had matching coordinates, they do not have matching displacement coefficients; the U ij values were systematically larger, well beyond significance, for one of the two molecules. We presume that this molecule is somewhat disordered. We emphasize that these differences in displacement parameters scientific comment
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are not only large enough to generate significant intensities for the h0l reflections with l odd, but also to eliminate the nearsingularities in the refinement; convergence was complete.
[The reported Flack parameter for that final C2 refinement is 0.49 (4).] GUFPUT is not included in our list of revisions. In about 50% of these revisions, the change in space group included the addition of a center of symmetry. As usual, such a change almost invariably led to a more reasonable molecular geometry. Typically, interatomic distances were improved; for example, C-C bond lengths in aromatic systems, which commonly ranged from about 1.3 to 1.5 Å in the acentric space group, typically ranged from about 1.37 to 1.40 Å in the revised centrosymmetric structure.
Occasionally, the change in the description of the overall structure involved some change in the chemical conclusions concerning the molecular structure. In several instances, the composition of the solvent material needed revision. Sometimes the solvent area was in serious doubt, because of peculiar connectivity or of obvious disorder (evidenced by very large displacement coefficients), in which case these atoms were removed. In a few other instances, the identities of atoms in a heterocyclic ring were altered (again because of their U values). In the case of MAMXUV, the two chloride counter-ions (with very large U values, suggesting lighter atoms) have been replaced with water molecules and the proton was removed from both N atoms because of hydrogenbonding considerations. In MAMXOP, one 'oxygen' atom very close to a water molecule and with a U eq value of 0.78 Å 2 was changed to an H atom. In BOYFIF, the oxidation state of the V atom was revised from +5 to +3 and the two carboxylate anions revised to carboxylic acid groups. Many H atoms have been moved, removed, or added. In the case of WUGKAL, one H atom had been placed only 1.59 Å from a chloride ion, leading to a chemical formulation of the compound that contained an HCl molecule. When this proton is paired with its symmetry-related proton in the revised structure, it lies on an N atom forming an N-HÁ Á ÁCl hydrogen bond.
We add that, in several instances, the accompanying published paper (and, occasionally, the CIF) listed the space group correctly but the coordinates in both the CSD and the CIF were those of the incorrect structure. Perhaps, before the paper had been accepted, the authors had noted the problem (or had been told by a referee or editor) and revised the paper but a modified CIF was not submitted.
